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ABSTRACT 
Silver King Creek, Alpine County, is the native range ofthe Federally-threatened Paiute cutthroat 
trout, Oncorhynchus clarki seleniris. Paiute cutthroat currently inhabit Coyote Valley and Corral 
Valley creeks, which are tributaries to Silver King Creek below Llewellyn Falls, and also Silver 
King Creek and tributaries aboye Llewellyn Falls. Rainbow trout, O. mykiss, were introduced 
into the basin during 1949 and became hybridized with Paiute cutthroat. Chemical treatments 
attempted by the California Department ofFish and Game (CDFG) in 1964 and 1976 failed to 
eliminate hybrid trout. A chemical treatment project was again conducted by the CDFG from 
1991 through 1993 to eliminate hybrid trout from within the range of Paiute cutthroat. This 
report presents a surnmary of events for the first two years ofthe Silver King Paiute Cutthroat 
Trout Restoration Project; a more thorough analysis is made of the third and final year of the 
project. 
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INTRODUCTION
 
Silver King Creek, Alpine County, comprises the entire native range ofthe Paiute cutthroat trout 
(Oncorhynchus clarki seleniris). Paiute cutthroat trout are considered endemic to Silver King 
Creek and tributaries between Silver King Canyon and Llewellyn Falls (Figure 1). Paiute trout 
are considered unique because of their almost complete lack of body spotting and iridescent hue 
(Snyder 1933, 1934). Unspotted trout tend to predominate in populations, but Paiute trout may 
have up to nine body spots (Ryan and Nicola 1976). Paiute cutthroat trout were transplanted 
upstream ofLlewellyn falls during 1912 by a sheepherder. Rainbow, cutthroat, and golden trout 
have been planted in Silver King Creek and tributaries downstream ofLlewellyn Falls since the 
1912 transplant ofPaiute trout. Llewellyn Falls has served as a barrier which prevented 
introduced trout in Lower Fish Valley from migrating upstream to Upper Fish Valley. The 
hybridization of Paiute trout resulted from unauthorized introductions of rainbow trout during 
1949 and possibly from earlier introductions of Lahontan cutthroat trout into Silver King Creek 
aboye Llewellyn Falls (Ryan and Nicola 1976). The phenotype ofhybrid Paiute trout has been 
characterized by heavy body spotting and different coloration than pure strain fish. 
Previous efforts to remove hybrid Paiute cutthroat trout from Silver King Creek basin aboye 
Llewellyn Falls have been unsuccessful. The California Department ofFish and Game (CDFG) 
opened Silver King Creek to angling from 1952 to 1965 in an effort to encourage anglers to catch 
out hybrid trout. The CDFG found that anglers instead caught and removed proportionately more 
pure Paiute cutthroat trout than hybrid trout. Silver King Creek aboye Llewellyn Falls, and 
Corral Valley and Coyote Valley creeks have re~ained closed to fishing since 1965. Chemical 
treatments conducted in 1964 and 1976 failed to remove introgressed fish. Both treatments were 
single rather than multiple year treatments which would not kilI eggs in the grave!. AIso, both 
treatments probably did not reach waters high enough in the basin to remove all hybrid trout. 
Juvenile trout hidden in side pools may also have re-entered the main stream during high water. 
During the 1976 treatment, salvaged fish were restocked into Silver King Creek following the 
rotenone treatment. 1t is possible that sorne ofthese restocked fish may have appeared pure 
phenotypically, but may have carried introgressed genes. Efforts since that time concentrated on 
removing introgressed fish during electrofishing surveys. To date, these mechanical removals of 
hybrid trout appear to have been successful in Four Mile Canyon Creek but not in Silver King 
Creek. 
Prior to the rotenone treatment of Silver King Creek in 1991, pure populations of Paiute cutthroat 
trout existed in Fly V~lley Creek, and probably Corral Valley and Coyote Valley creeks. 1t is 
also likely that Paiute cutthroat trout in Four Mile Canyon Creek were free of rainbow trout 
introgression as indicated by recent genetic studies. Paiute cutthroat trout had previously been 
reintroduced to Corral Valley and Coyote Valley creeks following chemical treatments in each 
basin. Stable out-of-basin populations have been created in North Fork Cottonwood Creek, 
Mono County, and Stairway Creek, Madera County. 
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Figure l. Location of Silver King Creek and tributaries, Alpine County, California. 
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The Paiute cutthroat trout was listed as Federally Endangered on October 13,1970 (Federal 
Register 35:16047), primarily because ofthe hybridization problem. Paiute trout were 
subsequently reclassified as Federally Threatened on July 16, 1975 (Federal Register 40:29863­
29864). Restoring Silver King Creek and tributaries upstream from Llewellyn Falls to pure 
populations ofPaiute trout has been identified as the highest priority recovery action by the U.S. 
Fish and Wildlife Service (D. S. Fish and Wildlife Service 1985). This project was identified as 
task number 1112 in the implementation schedule ofthe Paiute Cutthroat Trout Recovery Plan 
(U.S. Fish and Wildlife Service 1985). The rotenone treatment phase ofthe Silver King Paiute 
Cutthroat Trout Restoration Project was conducted from 1991 to 1993 to remove Paiute, 
rainbow, and Lahontan cutthroat trout hybrids from Silver King Creek and its tributaries from 
Llewellyn Falls upstream to its headwaters. The CDFG conducted treatments for three 
consecutive years because of past single year treatment failures on Silver King Creek, and 
experience with chemical treatments in other waters indicated that complete eradication of fish 
was only possible with multi-year treatments. 
1991 CHEMICAL TREATMENT 
In the surnmer of 1991, a fish transfer, using electrofishing gear and helicopters was conducted 
by CDFG, Toiyabe National Forest, and Trout Unlimited, to remove trout that would otherwise 
be killed by the initial chemical treatment. Approximately 800 juvenile and adúlt trout were 
stocked downstream from Llewellyn Falls and Tamarack Lake outside ofthe project area for 
recreational fishing. 
Two treatments were made in the basin on August 20 and 21, 1991. The target treatment 
concentration was 1 mg/l Nusyn-NoxfishR, or 25 ug/l rotenone. Drip stations were set up at 
essentially the same locations as had been used in the 1976 chemical treatment (Figure 2). Also 
shown is the location ofthe detoxification (detox) station and the 30 minute stream travel time 
location which constituted the lower project boundary. Rhodamine dye studies were made in 
advance of the treatment to determine drip station timing. The highest rotenone/ rotenolone 
levels measured in the first and second treatments were 16.0/12.0 and 11.0/9.9 ug/l, respectively. 
A total of 10 gallons ofNusyn-NoxfishR was used during the entire treatment. A thorough 
discussion of surface water and sediment monitoring results can be found in Trumbo (1991). 
Rotenone was detoxified with potassium permanganate (KMn04) just below Llewellyn Falls. 
Detoxification was initiated at 1600 hours on August 20 at 3 mg/l KMn04 and remained in 
operation until 1900 hours, August 22, 1991. KMn04 detoxification was successful: rotenone 
and rotenolone residues were never detected below the detox station. 
The highest drip station on Silver King Creek was Y2 mile aboye the confluence with Fly Valley 
Creek. On August 20, 1991, a test treatment from the foot of cascades about ~ mile aboye this 
station revealed the presence of trout at least that high in the stream. Because of this finding, a 
treatment of the upper basin was made on September 19, 1991 (Figure 2). The upper basin 
constituted the headwaters down to approximately ~ mile aboye the confluence of Fly Valley 
Creek. 
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Figure 2. Location of drip stations and project features of the rotenone treatment during the 
August 20 - 21, and September 19, 1991, Silver King Creek rotenone project. 
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The upper basin treatment was made at a resultant concentration ·of 1 mg/l Nusyn-NoxfishR. 
Rotenone/ rotenolone levels of 16.0 ug/l and 13.0 ug/l, respectively, were measured in water 
samples collected from within the project. The stream was detoxified 12 mile above Fly Valley 
Creek (Figure 2). Three trout carcasses were observed following this treatment, confinning the 
need for application to the upper basin. 
A total of 1,009 adult and juvenile trout carcasses were collected following the August and 
September chemical treatments for the entire project area. Over 520 fry carcasses were also 
collected. 
1992 CHEMICAL TREATMENT 
The second year chemical treatment was conducted during September 1 and 3, 1992. Because a 
hybridized Paiute/rainbow trout was found during an August 1992 electrofishing survey of FOUT 
Mile Canyon Creek, this stream was treated additionally from the lower end ofFour Mile 
meadow to the barrier falls (Figure 3). The barrier falls was the drip station site during the 1991 
treatment (Figure 2). This upper segment ofFour Mile Canyon Creek was treated September 2 
and 3, 1992. 
The September 1 and 3 treatments were made with 11 and 10 drip stations, respectiveIy (Figure 
3). During the September 3, 1992, treatment, the Four Mile Barrier Falls drip station was 
omitted in favor ofthe higher Four Mile meadow drip station (Figure 3). AIso shown in Figure 3 
is the location ofthe detox station and the 30 minute stream travel time location which 
constituted the lower project boundary. The target application level was 1 mg/l Nusyn-NoxfishR, 
or 25 ug/l rotenone. Rotenone Irotenolone concentrations measured ranged írom 3.5/2.6 to 
21.0/11.0 ug/l during the project, respectively. A total of 8 gallons ofNusyn-NoxfishR was 
applied to the treatment area. Rhodamine dye studies were made in advance of the treatment to 
detennine drip station timing. A thorough discussion of surface water and sediment monitoring 
resuIts can be found in Trombo (1992). 
Approximately 117 fish were killed during the treatment in the following areas: 1) Fly Valley 
Creek - 20 fish; 2) between Four Mile Canyon and Fourth of luIy creeks - 5 fish; 3) one 
introgressed Paiute trout (a trout with numerous body spots) was found below the confluence of 
Bull Canyon Creek in Silver King Creek; 4) Four Mile Canyon creek - 91 fish. Nineteen of 
these fish were killed in stream reaches that had been treated during 1991, and 98 fish from 
newly treated sections ofFour Mile Canyon and Fly Valley Creek. 1t was anticipated that sorne 
Paiute trout would emigrate from both Fly VaIley and Four Mile Canyon creeks downstream of 
the barrier falIs into the project area and succumb to the chemical treatment. The data indicated 
that at least 2 percent of the fish present in 1991 survived the first chemical treatment. 
Fish carcasses were collected from SiIver King (n = 28 fish) and Four Mile Canyon creeks (n = 
25 fish), frozen, and transported back to Dr. Graham Gall, University of California at Davis, for 
allozyrne analysis. The Silver King Creek fish sample was composed of eighteen pure Paiute 
- 12 -
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Figure 3.	 Location of drip stations and project features of the rotenone treatment during 
September 1 and 3, 1992, Silver King Creek rotenone project. 
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~out, two pure rainbow trout, three possible rainbow/cutthroat hybrids, and 5 additionaI hybrid 
trout ofunknown origino The Four MiIe Canyon Creek fish sample was found to be pure Paiute 
trout. At the time of sampIe processing, it was not possible to discriminate pure Paiute trout 
from Lahontan cutthroat trout using allozyme analysis. 
Detoxification of rotenone was conducted just below Llewellyn Falls and was initiated at 3 mg/l 
KMn04 at 1220 hours on September 1,1992. At 0900 hours on September 2, KMn04 application 
was reduced to 1.5 mg/l, and terminated at approximately 2400 hours on September 2. Detox 
was reinitiated 1230 hours on September 3 at 3 rng/l potassiurn permanganate. On Friday, 
September 4, KMn04 was ramped clown to 1.5 rng/l at 0900 hours, then terminated at 2300 
hours. 
A fish kilI occurred on September 3 below the lower project boundary to the downstream end of 
Lower Fish ValIey. The total number oftrout killed was at least 200 fish. However, rotenone 
was never found in water samples below the detox station. The fish kilI may have been caused 
by cumulative toxicity from the potassium permanganate application, but probably was from a 
combination of factors: 1) nearly continuous application of potassium permanganate for 4 days; 
2) lower stream flows and slowed movement ofpotassium permanganate through the system; 3) 
low water temperatures; and 4) low KMN04 demando 
1993 CHEMICALTREATMENT 
The CDFG determined that a third year treatment was necessary because of the number of trout 
found during the second year treatment, and the presence of hybrid trout among the survivors. A 
more rigorous monitoring of the treatment and water quality conditions was conducted because 
of the fish kilI which occurred below Llewellyn Falls during the 1992 chemicaI treatment project, 
and additional requirements imposed by the California Lahontan Regional Water Quality Board. 
In advance of the treatments, Four Mile Canyon Creek was electrofished on August 10 and 11, 
1993 to search for hybridized fish. Based on spotting patterns, no hybridized fish were observed 
afier handling most of the Paiute trout population from the lower barrier falls to the upstream 
barriere Fish were collected, frozen, and transported to Dr. Graham GaIl ofthe University of 
California at Davis for allozyme analysis from different locations within Four Mile Canyon 
Creek. The allozyrne analysis ofFour Mile Canyon Creek fish samples did not show any 
rainbow trout introgression. 
The third and final treatment was conducted from September 22 - September 24, 1993. The 
lateness of this treatment was necessary because the results of the allozyme analysis were crucial 
to determine what portian ofFour Mile Canyon Creek to chemically treat. AIso, it was necessary 
to ensure that all of this year's fry had emerged from their redds. Because of interagency 
concerns regarding the effective population size of pure Paiute trout, combined with the lack of 
additional introgressed fish, it was decided to treat Four Mile Canyon Creek as had been done 
during 1992. Gther management options considered were for no treatment or complete 
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treatment. In the no treatment option, Four Mile would have been treated from the barrier falls 
downstream, which would have left untreated the area where the single introgressed fish was 
found. Complete treatment would have included all waters within Four Mile Canyon Creek 
potentially available as Paiute trout habitat. . 
Dye Studies 
Overall project control was created from flow measurements and fluorescine dye studies 
conducted on September 7-9, 1993. Similar studies were conducted for the 1991 and 1992 
treatments, but were not used to coordinate drip station timing using cumulative dispersions. 
The dye illustrates the travel time and dispersion width of a block of water (and by extension any 
material that is contained in that block) as it moves downstream. The dye tracks only the 
physical behavior of the flowing water, and cannot account for in-transit chemical changes in the 
materials that are carried by the water. 
Single, instantaneous drops of rhodamine dye were introduced at selected sites, and samples of 
the passing water were collected at 10 minute intervals at the terminal end of stream segments. 
These samples were read with a fluorometer and concentration curves computed. End-to-end 
and cumulative dispersions were computed using matrix analysis on a computer spreadsheet. 
The field methods were developed by Richard A. Flint in 1977, with later computer updates for 
data merging. The time required for a continuous drip to produce a cumulative concentration at a 
downstream site equal to the concentration at the drip site will equal the width (in time) of the 
downstream site dispersion curve that results from a single drop (Flint, 1980). 
The total travel time determined by dye studies from SKI to Llewellyn Falls was 6 hours and SO 
minutes (Figure 4). Cumulative dispersion curves were used to determine drip station timing and 
to anticipate rotenone toxicity. 
Chemical Treatment 
Ten drip stations were used during the first treatment on September 22, 1993 (Figure S). During 
the second treatment on September 23, 1993, the project was scaled back to 6 drip stations 
(Figure 5) because no fish were found in the upper basin following the first treatment. Also 
shown is the location ofthe detox station and the 30 minute stream travel time location which 
constituted the lower project boundary. 
The operators of each drip station were equipped with a 15 gallon plastic drip drum which 
siphoned chemical into the stream, and spray bottles or backpack sprayers to cover springs and 
seeps in their assigned areas. 
Fourth of July creek was treated in advance ofthe project so live cage fish could be held for both 
treatments. A block net was placed at an artificially constructed barrier to block fish 
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Figure 4.	 Schematic of drip station timing [rom SKI to Llewellyn Falls, Silver King Creek 
rotenone project, September 22 and 23, 1993. Total travel time through the 
system was 6 hours and SO minutes. 
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passage to this area during treatment. The drip station SK6 was placed aboye this barriere Fish 
were also held in a 3 foot diameter live cage for disbursement to project assessment live cages. 
1t was initially planned to appIy Nusyn-NoxfishR at 1 rng/l, but because of coId water 
temperatures and concem for the effectiveness of the detoxification to prevent a fish kilI below 
the project area, target application rates were generally reduced to 0.5 rng/l (Tables 1 and 2) 
during both 1993 treatments. These tables list start times, duration of drips, and stream flows. 
Table 3 presents a surnmary of detox station events for both 1993 treatments. 
Target rotenone concentration (12.5 ug/l) was reached and exceeded above the detox (Table 4). 
The average rotenone concentration during the first treatment day was approximately 10.5 ug/l 
rotenone. The average rotenone concentration on the second treatment day was 11.8 ug/l. 
During the second treatment, a drip station was added at Four Mile Canyon Creek falls because 
ofthe live cage fish survival (Figure 5). Application levels were also increased to 2.0 rng/l to \ 
insure adequate toxicity (Table 2). The upper basin above SK5 was not retreated. 
Mortality Assessment 
Fish mortality was assessed during the treatment using three methods: 1) visual inspections, 2) 
block seines, and 3) live cars. 1rnmediately following each treatment, visual inspections were 
rnade of all stream sections between drip stations by the respective station attendants. Dead fish 
were removed and counted, and notations made on species/phenotype. 
To catch drifting fish carcasses, block seines were set across the stream at five locations: 1) 
mouth ofFly Valley Creek, 2) barrier falls on Four Mile Canyon Creek, 3) mouth ofFour Mile 
Canyon Creek, 4) Silver King Creek downstream from the rnouth ofFour Mile Canyon Creek, 
and 5) Silver King Creek irnmediately aboye the detox station. The primary purpose of the 
visual inspections and block seines was to evaluate the number of fish that survived the previous 
treatment and/or recruitment of fish back into the systern since the 1992 treatment. 
To provide for on-site bioassay oftreatment toxicity, cages (live cars) containing live rainbow 
trout were set in six locations of Silver King Creek as follows: 1) aboye SK4; 2) aboye SK5; 3) 
mouth ofFour Mile Canyon Creek; 4) aboye SK7; 5) aboye detox; 6) at the 30 minute station 
(see Figure 5 for relative locations). Live cars were generally placed a short distance upstream 
(less than 100 feet) of their associated drip station. 
Detoxification ofthe rotenone was biologically successful, but incomplete chemicaHy. AH 31 
fish held in live cars at the 30 minute station remained alive throughout the treatment penod; and 
no fish mortality was observed in the stream anywhere below the detox station, or below the 30 
minute station. At the 30 minute station, however, sublethallevels of rotenone were detected in 
3 of the 4 samples that were taken when rotenone could have been present. There were ample 
amounts ofKMn04, but the oxidation ofrotenone was apparently slowed by water temperatures 
near freezing. 
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TabIe l. Start times for drip stations and target Nusyn-NoxfishR concentrations for Silver 
King Creek rotenone project, September 22, 1993. 
FIRST TREATMENT 
STATION DISCHARGE TIMING CONCENTRATION 
(CFS) START END NoxfishR (rng/l) 
SK 1 3.5 10:00 14:00 0.5 
SK2 2.0 10:30 14:30 0.5 
SK3 5.5 11 :30 15:30 0.5 
SK4 5.5 9:15 1".""j jj 0.5 
SK5 7.1 8:45 12:45 0.5 
SK6 0.5 8:00 12:00 0.5 
SK 6 SPRAY 0.5 17:00 18:00 3.0 
SK 7 14.5 8:40 12:40 0.5 
FLY 1.7 9:00 12:50 0.5 
BC 1 2.7 9:30 13:30 0.5 
FC 1 1 4.6 10:00 11 :00 0.5 
11 :00 16:15 0.67 
1 Target was a 4 hour drip at 1.0 rng/l Nusyn-NoxfishR • 
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Table 2.	 Start times for drip stations and target Nusyn-NoxfishR concentrations for Silver 
King Creek rotenone project, September 23, 1993. 
SECOND TREATMENT 
STATION DISCHARGE TIMING CONCENTRATION 
(CFS) START END NoxfishR (mg/l) 
SK5 7.1 10:25 14:30 0.5 
SK6 0.5 10:30 14:37 0.5 
SK 7 14.5 10:20 14:20 0.5 
BULL 1 2.7 10:20 14:15 0.5 
FC 1 4.6 10:30 14: 15 1.0 
FOUR MILE FALLS 2 4.6 14:05 16:45 2.0 
1 BuII Canyon Creek was treated at confluence with Silver King Creek. 
2 A drip station was set at Four Mile Canyon Creek barriere 
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Table 3.	 Surnmary of detoxification station events, Silver King Creek rotenone project, 
September 22 through 24,1993. . 
KMn04 
DATE	 TIME LEVEL (rngll) COMMENTS 
-------------------------------------------------I)~T())(TI:ST---------------------------------------------­
9-21-93 14:20 2.0 start first test 
14:50 O end first test 
15:2O 3.O start second test 
15:5O O end second test 
--------------------------------------------lFIFtST T~}\Trv1I:~T--------------------------~----------------
9-22-93 9:35 first dye arrives 
9:40 2.0	 initiate detox 
9:50 3.0	 pe~ dye observed 
9:57	 first rotenone odor 
10:30	 live cage fish show stress 
16:00 2.5	 begin ramping down 
17:00 2.0	 ramping down 
18:00 1.5	 rampingdown 
19:00 3.0	 detox 4th of July creek 
21 :00 1.0	 ramping down 
9-23-93 4:00 O	 system froze; drip stopped 1 
-----------------------------------------S~C()~I) T~}\TrvfI:~lL------------------------------------------
9-23-93 10:30 0.8	 initiate detox 
11: 15	 first dye arrives 
11 :30 2.0	 ramplng up 
11 :39	 first rotenone odar 
15:35 3.0	 peak detox 
18: 10 2.5	 begin ramping down 
19:10 2.0	 ramping down 
20:10 0.8 
22:10 0.9 
system fraze; drip stopped 19-24-93 5:00 O 
Detox system run at previously recorded concentration application until time of system 
freeze-up due to cald water temperatures. 
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Table 4.	 Surnmary of rotenone/rotenolone monitoring results for Silver King creek 
rotenone project, September 22 through 24, 1993. 
ROTENONE/ROTENOLONE (ug/l) 
DATE TIME TEMP(C) ABOVE DETOX 30 MIN MARK 
--------------------------------------------~IFlSTT~AT~~~T------------------------------------------
9-22-93 11 :30 4	 12.0/11.0 4.0 /~D I 
12:00	 10.0/ 8.9 2 
13:00	 20.0/18.0 
14:00	 10.0/ 8.9 
15:00 10	 6.1/ 7.7 
16:00	 7.4/ 9.1 
17:00	 6.1/7.1 
18:00	 9.1/ 9.5 
19:00 8	 20.0/20.0 3.4/~D 
20:00 
21:00 
22:00	 12.0/ 9.6 
23:00 4	 3.1/ 3.2 ~D 
--------------------------------------------SI:c:()~D T~}\T~~~T----------------------------------------
9-23-93 08:00 1	 ~D ~D 
12:00 7	 19.3/ 7.6 ~D 
13:00 
14:00	 23.0/ 17.6 
15:00	 17.0/ 13.0 
16:00 9.5	 6.9/ 6.5 2.2MD 
17:00	 5.9/ 4.8 
18:00	 8.9/ 7.1 
9-24-93 09:00 2	 ~D ~D 
I Total rotenoids not detectable: detectable limit is 2 ug/l. 
2 Sample not taken. 
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Cold water was apparently also a factor that reduced rotenone toxicity at alllive car stations. At 
the detox site, 6 live fish were used for each treatment, and all died, but mortality was much 
slower than expected. Above SK7, 7 of7 fish died in the first treatment, but only 7 of9 died in 
the second treatment. At the Above SK5 live car, all five fish were killed in the first treatment. 
Above SK4, 5 of the 10 fish died during the first treatment, and 2 more died the following day. 
Neither ofthese two locations were treated again. At the mouth ofFour Mile Canyon Creek, 
only 1 of 5 fish were killed in the first treatment. The remaining 4 fish in the live car were killed 
in the second treatment. 
Results ofblock nets set in the various Silver King Basin locations suggest that no fish survived 
the second year (1992) treatment. However, minimal recruitment did occur from Four Mile 
Canyon and Fly Valley creeks to downstream treated stream reaches. No dead fish were found in 
Silver King Creek aboye the confluence with Fly Valley Creek. One dead fish was found in the 
block net set in the mouth ofFly Valley Creek. Twenty one dead fish (10 ofwhich were young­
of-the-year) were recovered in the block net set at the Four Mile Canyon Creek falls afier the first 
treatment. No fish were found at the Four Mile Canyon Creek falls block net afier the second 
treatment. No fish were found in the block net set in the mouth ofFour Mile Canyon Creek afier 
both treatments. One dead fish was found in the block net set below Four Mile Canyon Creek in 
Silver King Creek. No dead fish were recovered in the block net set aboye Llewellyn Falls afier 
both treatments. AII recovered fish were without body spots except one nine-spotted individual 
from Four Mile Canyon Creek aboye the falls. This nine spotted Paiute trout was allozyme 
analyzed and found to be pureo 
During the first treatment, 5 fish escaped from the live car above SK7, and a new live car with 5 
fish was placed at this location. AII of the replacement fish succumbed to the treatment, and two 
of the escapees were also recovered, dead, from the stream. It is believed that the 3 other 
escapees also died but were not found. Five fish also left the live car in Fourth of luly Creek. In 
response, the creek was heavily doused with rotenone from backpack sprayers so that total 
concentrations peaked at 40 ug/l at detox, about twice expected. AII five of these fish were dead 
at the time of recovery. 
Chemical Treatment Efficacv and Timing 
Figures 6 and 7 illustrate the theoretical cumulative concentrations, deterrnined by dye studies, of 
rotenone at Llewellyn Falls as actually mn on September 22 and 23, 1993. They show the 
concentrations of rotenone that should have been present. Differences between these theoretical 
amounts and the actual measured amounts would be due to either errors in measurements or to 
losses in transit of measurable rotenone/rotenolone. The figures graphically show the anticipated 
influences of each drip station on the cumulative concentration. 
Table 5 presents point-in-time comparisons of expected versus measured amounts ofthe active 
ingredients rotenone and rotenolone, and their source drip stations. Caution is advised on 
interpreting cusp data (rising or falling curves) because movement ofjust a few minutes can 
radically alter the expected amounts. The following points are noted: 
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CUMULATIVE DISPERSIONS
 
AS RUN. SEPTEMBER 22. 1993.
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Figure 6.	 Predicted curnulative dispersion curve of rotenone toxicity [rom rhodan1ine dye 
studies and eomputer simulation for the September 22, 1993 Silver King Creek 
rotenone projeet. 
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CUMULATIVE DISPERSIONS
 
AS RUN. SEPTEMBER 23, 1993.
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Predicted cumulative dispersion curve of rotenone toxicity fram rhod~mine dyeFigure 7. 
studies and camputer simulation for the September 23, 1993 Silver Kmg Creek 
rotenone project. 
Table 5.	 Comparisons of measured and expected rotenone concentrations (ug/1) at L1ewellyn Falls during 
the Silver King Creek rotenone project, September 22 and 23, 1993. 
Measured Expected I Sources of Rotenone arriving at Llewellyn FallsI 
4-Mile Bul1 Upper 
Date Time I Rotenone Rotenolone Total I Total 1 I SK7 SK5 4-Mile Falls Canyon SK4 ~ 
9-22-93 11:30 12.0 11.0 23.0 25.2 12.5 0.5 
12:00 10.0 8.9 18.9 33.5 12.5 4.8 
13:00 20.0 18.0 38.0 36.1 12.5 6.1 
14:00 10.0 8.9 18.9 43.9 11.4 6.1 1.0	 2.1 2.1 I 
15:00 6.1 7.7 13.8 38.2	 6.1 5.2 2.3 6.1 ~  
16:00 7.4 9.1 16.5 29.1	 1.3 S.3 2.3 6.1 I 
17:00 6.1 7.1 13.2 26.7	 5.3 2.3 6.1 0.1 
18:00 9.1 9.S 18.6 32.2	 5.3 0.3 4".0 7.1 
19:00 20.0 20.0 40.0 28.6 S.3	 0.0 9.4 
22:00 12.0 9.6 21.6 4.7	 2.4 
23:00 3.1 3.2 6.3 0.1	 0.1 
9-23-93 12:00 19.3 7.6 26.9 27.1 14.0 
14:00 23.0 17.6 40.6 40.1 14.8 5.9 
15:00 17.0 13.0 30.0 53.7 14.8 6.1 6.8 
16:00 6.9 6.5 13.4 28.7 0.8 6.1 7.9 
17:00 5.9 4.8 10.7 33.7	 6.0 7.8 3.6 
18:00 8.9 7.1 16.0 32.0	 0.2 0.5 15.8 
Expected total is sum of sources times 1.939. This figure is a correction factor developed during dye
 
concentration studies.
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1.	 On 16 of the 17 samples, rotenone was 51.57 percent of the total measured rotenoids 
(range 44.2 - 56.7, S.E. =3.9014). The Sep 23,1993 sample from 12:00 hours was 
clearly anomalous at 71.74 percent. 
2.	 When SK7, or SK5 and SK7 were the only stations in operation, the expected and 
measured amounts were in close agreement, with the exception of the Sep 22, 1993 
sample from 12:00 hours. 
3.	 The Four Mile Canyon Creek contributions were negligible. Taken as a block on both 
days, and given an expected value of zero, a good match can be made between the 
measured and expected amounts from the remaining stations. 
4.	 At 18:00 hours, during Sep 23, 1993, the total measured rotenone was only 52 percent of 
the expected contribution from Four Mile Creek Falls. 
5.	 Fourth of luly Creek (SK6) contributions masked all other contributions from 18:00 
hours and later during Sep 22, 1993. 
6.	 Bull Canyon Creek and SK4, as a block, appear to have provided about 83 percent of 
expected at 16:00 and 17:00 hours during Sep 22, 1993, but the 15:00 hours sample is 
anomalous, and seems not to reflect these stations al aH. (Note: the SK4 data also 
includes the Fly Valley Creek contributions). 
Rotenone Detoxification Monitoring 
Extensive water quality analysis were conducted by the CDFG Pesticide Investigations 
Laboratory. Rotenone/rotenolone concentrations in the surface waters and sediment were 
monitored within the project area, above the detox station, and at the 30 minute station 
(Trumbo 1993). 
Potassiurn permanganate (KMn04) concentrations were monitored at the 30 minute station with 
the following goals: 1) to evaluate a proposed field method for measuring KMn04 and its 
oxidation products (inactive KMn04); 2) determine if effective concentrations of KMn04 were 
applied; 3) confirm that residual KMn04 did not exceed levels that would affect fish and wildlife 
outside ofthe project area (Fujimura 1993). The LCso values for o. mykiss reported by Marking 
and Bills (1975) were 2.80 mg/l for 24 hours, and 1.80 mg/l for 96 hours. 
The total KMn04 , and the included inactive KMn04 were each determined in the field by 
measuring the light absorbance at two wavelengths with a Hach DRl700 portable colorimeter. 
The residual KMn04 was estimated by subtracting the inactive from the total (Fujimura 1993). 
During September 21, 1993, two trial calibrations were run at 2 and 3 ppm released at Llewellyn 
Falls for 30 minutes each. Post project computations have revealed that, because of dispersion, 
these trials probably peaked at 1.9 and 2.8 ppm, respectively. The intent ofthese trials 
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was to estimate field measurement accuracy. During the chemical treatment, samples were 
generally ron every hour from the first obvious KMn04 color to 23:00 hours. 
Potassium permanganate monitoring results are presented in Tables 6, 7, and 8, and are 
graphically displayed in Figures 8 and 9. Total KMn04 residues measured at the 30 minute 
station were consistently lower than target KMn04 levels added to the creek at the detox station. 
An effort was rnade to keep residual KMn04 concentrations measured at the 30 minute station 
near 1.0 rnglL to prevent KMn04 toxicity to aquatic organisms below the project boundary. 
Residual KMn04 concentrations were calculated by subtracting measured inactive KMn04 (the 
products of KMn04 reduction) from total measured KMn04• 
Potassium permanganate monitoring results are compiled in Table 9 with the rotenone results, 
the detox tables, and the cumulative dispersion figures to allow cornparison of rneasured and 
expected concentrations ofKMn04 in three categories: (1) Total; (2) Theoretical Rotenone 
Detoxification; and (3) Theoretical Detoxification Safety Margins. Total KMn04 was generally 
about 50 percent of expected untillate afiemoon, then moved upward to about 67 percent of 
expected, with sorne after dark readings up to 129 percent of expected. 
Inactive KMn04 is chemically tied to rotenone or sorne other organic compound, but is still 
suspended in the water. In these data, it does not correlate with the amount of rotenone available 
to detoxify, or the initial concentration ofKMn04 at the Llewellyn Falls, or with a combination of 
these two factors. Its only apparent correlation is with daylight. With the initial KMn04 in the 2 
to 3 ppm range, the daylight readings for inactive KMn04 averaged 0.47, but readings afier dark 
averaged only 0.30. Inactive KMn04 never exceeded 30 percent ofthe initial KMn04, regardless 
ofthe amount ofrotenone. In fact, inactive KMn04 made up 250/0 ofthe total KMn04 in the 
absence of rotenone. It ranged from lOto 66 percent of total measured KMn04, with no 
discernable partern. 
Residual KMn04, obtained by subtracting inactive from total, was generally about 1 ppm during 
the treatment. During the time when rotenone was available to detoxify, 22 residuals ranged 
from 0.25 to 2.27, with only 4 readings either below 0.5 or over 2.0. The minimum safety 
margin was 2.56 times as much residual KMn04 as required to detoxify the measured remaining 
rotenone. It is not possible to determine a system uptake ofKMn04 (exclusive ofrotenone) 
based upon data collected in this project. 
Inactive KMn04 is not a useful indicator of the amount of rotenone/rotenolone that has already 
been detoxified. The residual KMn04 may be a good index of a detoxification safety margin, but 
additional field data is needed to refine this technique. 
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Table 6. Results of potassium perrnanganate monitoring, Silver King Creek rotenone 
project, September 21, 1993, during testing of the detox station. 
POTASSIUM PERMANGANATE I 
TIME LOCATION 2 TOTAL INACTIVE RESIDUAL 
------------------------------------------------[)~T())(T~ST------------------------------------------------
15:30 30MIN 0.49 0.32 0.17 
15:45 30MIN 0.54 0.39 0.15 
15:55 30MIN 0.22 0.19 . 0.03 
16:15 30MIN 0.17 0.08 0.09 
16:30 30MIN 0.96 0.36 0.60 
16:35 30MIN 1.32 0.43 0.89 
I Mean concentration in mg/l.
 
2 [)istance from application site in stream travel time.
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Table 7.	 Results of potassium permanganate monitoring, Silver King Creek rotenone 
project, September 22, 1993, first chemical treatment. 
POTASSIUM PERMANGANATE 1 
TIME LOCATION 2 TOTAL INACTIVE RESIDUAL 
-------------------------------------------lFIRSll 1l~}\1rrv1~~1r---------------------------------------------
10:20 1MIN 2.33 0.14 2.19 
11 :00 15 MIN 1.28 0.27 1.01 
11 :38 30MIN 1.26 0.44 0.82 
13:00 30MIN 1.50 0.50 1.00 
14:00 30MIN 1.48 0.55 0.93 
15:00 30MIN 0.74 0.49 0.25 
15:35 30MIN 1.61 0.53 1.07 
16:00 30MIN 1.61 0.51 1.10 
17:00 30MIN 1.62 0.48 1.14 
18:00 30MIN 1.58 0.36 1.18 
19:00 30MIN 1.22 0.32 0.90 
20:00 30MIN 1.48 0.29 1.19 
21:00 30MIN 2.08 0.32 1.76 
22:00 30MIN 2.29 0.24 2.06 
23:00 30MIN 1.29 0.22 1.07 
1 Mean concentration in mg/l.
 
2 Distance from application site in stream travel time.
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Tabl~ 8.	 Results of potassium permanganate monitoring, Silver King Creek rotenone 
project, September 23,1993, second chemical treatment. 
POTASSIUM PERMANGANATE I 
TIME LOCATION 2 TOTAL INACTIVE RESIDUAL 
--------------------------------------------SI:C()~I)TRI:}\TrvfI:~T----------------------------------------
10:00 lrvfIN	 0.39 0.06 0.33 
10:30 lrvfIN	 0.44 0.09 0.35 
11 :00 30 rvfIN	 0.33 0.19 0.14 
12:00 30 rvfIN	 0.33 0.20 0.13 
13:00 30 rvfIN	 1.00 0.19 0.81 
14:00 30 rvfIN	 0.97 0.44 0.53 
15:00 30 rvfIN	 0.95 0.59 0.36 
16:00 30 rvfIN	 1.32 0.49 0.83 
17:00 30 rvfIN	 2.17 0.48 1.69 
18: 10 30 rvfIN	 2.66 0.39 2.27 
19:00 30 rvfIN	 1.79 0.32 1.47 
20:00 30 rvfIN	 1.69 0.26 1.43 
1.5621:00 30 rvfIN	 1.80 0.24 
0.2422:00 30 rvfIN	 0.38 0.14 
0.76	 0.5823:00 30 rvfIN	 0.18 
Mean concentration in mg/l.
 
:! I)istance from application site in stream travel time.
 
I 
___ 
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DETOX PERFORMANCE MONITORING
 
FIRST TREATMENT Sept 22, 1993 
08:00 09:40 10:00 11:30 13:00 15:00 17:00 19:00 21:00 23:00 
TIME IN HOURS 
ROTE (ppb)NONE --+- DETOX KMN04 ( --.- TOTAL KMN04ppm) 
--e- INACTIVE KMN04 --+- RESIDUAL KMN04 
DETOX KMN04 is appJication concentration 
TOTAL, INACTIVE, and RESIDUAL levels @ 30 MIN STATION 
Results ofthe water quality analysis for the first treatment.. Septcmber 22 .. 1993.Figure 8. 
Silver King Creek rotenone project. Total rotenoid concentrations were fmm 
irnmediately aboye the detox station. Detox potassium permanganate 
concentrations were the calculated application levels. Total, inactive and residual 
levels of potassium permanganate were measured at the 30-minute station below 
detox. 
____ 
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DETOX PERFORMANCE MONITORING
 
SECOND TREATMENT Sept 23,1993 
40 
C/) 
O 
<5 
z ~ 20 
cG 
g10 
~ 
o 
08:00 11:00 12:00 14:00 15:30 17:00 
TIME IN HOURS 
19:00 21:00 23:00 
RüTENONE (ppb) -+- DETOX KMN04 (pprn) --.- TOTAL KMN04 
--a-- INACTIVE KMN04 -+- RESIDUAL KMN04 
DETOX KMN04 is application concentration 
TOT~ INACTIVE, and RESIDUAL levels @ 30 MIN STATION 
Figure 9.	 Results ofthe water quality analysis for the second treatment Septenlber 23. 
1993, Silver King Creek rotenone project. Total rotenoid concentrations \vere 
from irnmediately aboye the detox station. Detox potassium permanganate 
concentrations were the calculated application levels. Total, inactive and residual 
levels of potassium pennanganate were measured at the 30-minute station belo\\" 
detox. 
Tab~e 9. Comparisons of measured and expected potassium permanganate concentrations at the 30 minute 
station, during the Silver King Creek rotenone project, September 22 and 23, 1993. Values of 
KMn0 4 are presented in rng/l, while rotenone concentrations are in ug/l. 
DETOXIFICATION 
TOTAL KMn0 4 ROTENONE DETOXIFICATION SAFETY MARGINS 
Inactive Rotenone Residuals K 1 Rotenone1 
Date I Time Meas. Expec. _%_ I KMn0 4_ Eguiv. Avail. _%_ 1 KMN0 4 Rotenone Margin 
9-22-93 I 11:38 1.26 3.0 42.0 0.44 5.50 12.5 44.0 0.82 4.0 2.56 
13:00 1.50 3.0 50.0 0.50 6.25 18.6 33.6 1.00 
14:00 1.48 3.0 49.3 0.55 6.88 18.6 37.0 0.93 
15:00 0.74 3.0 24.7 0.49 6.13 19.2 31.9 0.25 
15:35 1.61 3.0 53.7 0.53 6.63 6.1 108.6 1.08 
16:00 1.61 3.0 53.7 0.51 6.38 6.8 93.8 1.10 I 
LU17:00 1.62 3.0 54.0 0.48 6.00 6.8 88.2 1.14 LU 
18": 00 1.58 2.5 63.2 0.36 4.50 7.6 59.2 1.22 I 
19:00 1.22 2.0 61.0 0.32 4.00 14.6 27.4 0.90 3.4 3.31 
20:00 1.48 1.5 98.7 0.29 3.62 18.0 20.1 1.19 
21:00 2.08 3.0 69.3 0.32 4.00 17.0 23.5 1.76 
22:00 2.29 3.0 76.3 0.24 3.00 14.0 21.4 2.05 
23:00 1.29 1.0 129.0 0.22 2.75 7.6 36.2 1.07 0.0 INFIN. 
9-23-93 I 12:00 0.33 0.8 41.3 0.20 2.50 0.0 *100.0 0.13 0.0 INFIN. 
13:00 1.00 2.0 50.0 0.19 2.38 14.8 16.0 0.81 
14:00 0.97 2.0 48.5 0.44 5.50 17.9 30.7 0.53 
15:00 0.95 2.0 47.5 0.59 7.38 20.8 35.5 0.36 
16:00 1.32 2.0 66.0 0.49 6.13 20.8 29.4 0.83 2.2 4.72 
17:00 2.17 3.0 72.3 0.48 6.00 6.4 93.8 1.69 
18:10 2.66 3.0 88.7 0.39 4.88 6.8 71.7 2.27 
19:00 1.79 3.0 59.7 0.32 4.00 9.1 44.0 1.47 
20:00 1.69 2.5 67.6 0.26 3.25 8.3 39.2 1.43 
21:00 1.80 2.0 90.0 0.24 3.00 0.3 *100.0 1.56 
22:00 0.38 0.8 47.5 0.14 1.75 0.0 *100.0 0.24 
23:00 0.76 0.8 95.0 0.18 2.25 0.0 *100.0 0.58 
1 Rotenone equivalents far exceed rotenone available. 
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MANAGEMENT CONSIDERATIONS 
Because of extensive electrofishing throughout Upper Fish Valley during the summer of 1994 in 
which no trout were found, and subsequent allozyme results from Four Mile Canyon Creek in 
which no rainbow trout alleles were detected , we believe this treatment was successful in 
extirpating hybridized CT-P from this basin. During future chemical treatments for threatened 
trout habitat restoration projects, we recornmend the following: 
1.	 Chemical treatments should be performed at water temperatures aboye 5° C, 
because the low water temperatures during this project hampered rotenone 
efficacy and detoxification performance. Rotenone was present in three of the 
four samples taken at the 30 minute station when rotenone might have been 
present, although there was an excess ofKMn04 available to detoxify each. None 
of the amounts were biologically substantial. The presence of rotenone may have 
resulted from slowed reaction time with KMn04 in cold water. 
2.	 We recornmend using the target species for eradication as test fish in live cages 
during the first two years of chemical treatment, then switching to the species 
planned for reintroduction for the third year, if feasible. This course is 
recornmended to avoid the potential escape of target fish species from live cages 
back into the stream and possible survival. Perhaps tests during the first two years 
of treatment could verify the validity of this course of action. 
3.	 Rhodamine dye tests to develop timing and dispersion curves for rotenone 
application proved to be an indispensable tool for design and implementation of 
the project. This information was especially valuable in adjusting treatment plans 
to meet changing conditions of field situations. 
4.	 The lag in fish mortality and the less than expected rotenone/rotenolone 
concentrations observed at Llewellyn Falls indicates an unanticipated loss of 
rotenone in Four Mile Canyon Creek, and to a lesser extent, possibly from sorne 
other distant sites. This cannot be ascribed to turbulence alone because it did not 
happen the previous year, or in other turbulent water. We cannot attribute the 10ss 
of rotenonel rotenolone to cold temperatures alone because it did not happen at all 
stations; rather, there appears to be an interactive process involving temperature 
and turbulence. We recornmend the following measures be considered in future 
rotenone projects: 
(a)	 Take in-transit rotenone samples in turbulent reaches; 
(b)	 Schedule water sampling to follow a specific block of water as it passes 
each sample point; 
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(e)	 Avoid sampling rotenone when concentrations are expected to be at a 
minimum by dispersion modeling; 
(d)	 Schedule more samples at sites below detox; 
Ce)	 Obtain more data on rotenone/rotenolone disintegration; 
(f)	 Monitor KMn04 concentrations and determine residual KMn04• because 
they are important in analyzing the effectiveness of rotenone 
detoxification. 
5.	 Chemical treatments should be planned for "back to back" or dual multiple year 
applications. Single applications are not adequate to kilI all of the fish targeted for 
eradication because of the complexity of habitats in a stream basin and the fish lifestages 
Idistribution encountered. The success of eradicating fish from a stream drainage is 
dependant upon removing all or nearly all of the fish in each successive treatment. 
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Appendix 1.	 Observed trout populations (fish over 50 mm) based on electrofishing and post 
treatment carcass counts, which existed in Silver King Creek prior to the rotenone 
project, 1991. Data provided by Mr. Eric Gerstung. See Figure 5 for relative 
locations. 
Stream Segment 
Silver King Creek 
Llewellyn falls to SK 7 
SK7 to upper end of side channel (Upper Fish Valley) 
Siiver King Ck Sidechannel (Upper Fish Valley) 
Upper end of side channel to Fly Valley Ck 
Fly Valley Ck to SK4 
SK4 to conf1uence with SK2 
Above Sk2 to SK 1 
TOTAL 
Bull Canyon Creek 
Conf1uence with Silver King Ck to BC! 
Above Be1 
TOTAL 
Four Mile Canyon Creek 
Confluence with Silver King Ck to Four Mile Falls 
Four Mile Falls to FC1(this section treated in 1992) 
TOTAL 
Fly Valley Creek 
Confluence with Silver King Ck to FV1 
TOTAL 
TOTAL FISH 
No offish 
373 
529 
239 
989 
107 
12 
-l2 
2,249 
136 
---li2 
146 
13 
172 
185 
2,583 
